Following the recent commercial availability of this polymer, needlepunch nonwovens have been prepared from staple fiber made from poly(trimethylene terephthalate) (PTT) and an analogous conventional polyester. After carding and crosslapping, the web was consolidated to about 90 g/m 2 by several passes through a 1 metre wide pilot machine. The webs were characterised for fiber structure, stiffness, strength and recovery from both compression and extension, the latter after both a single and multiple elongations. The PTT fabrics are softer than those from PET as shown in e.g. drape and flexural rigidity, and show similar or higher tensile strengths. The fabrics are difficult to distinguish in either compressive or tensile recovery tests, perhaps because elongation causes unravelling of the entanglements, rather than being dependant on the elasticity of the fibers.
Introduction
Poly(trimethylene terephthalate) (PTT) is currently under development in several textile areas. This follows its recent availability at prices comparable with those of other synthetic fiber forming polymers as a consequence of the development of economic processes for the manufacture of the 1,3 propanediol used in its manufacture [1] . The chemical structure of its repeat unit places PTT between the analogous polyesters PET and PBT, but its crystal structure, derived from the 3-carbon linkage between the terephthalic acid units, imparts a unique property balance to fibers made from the material. A glass transition temperature of 45°C in the amorphous material, rising as orientation induced crystallinity increases, makes for a stable product at ambient temperature, and -combined with a peak melting temperature of 228°C -gives fiber processing temperatures within acceptable limits. Typically, in comparison with PET fibers, those from PTT show lower tenacity, higher elongation to break and higher elastic recovery [2, 3] Although pilot scale preparation of melt blown [4] , spunbond [4] and hydroentangled [3] nonwoven fabrics from this material have been reported, there is little data on needlepunch fabrics. This paper describes a preliminary pilot scale evaluation of such fibers in the production of a needlepunch nonwoven.
Materials
The PTT staple fiber used was a nominally 3.3 dtex, 50 mm semidull product type 725 manufactured by Catalana de Polímers, Barcelona, Spain, from Shell's Corterra™ PTT containing 0.4% TiO 2 . Microscope evaluation showed it to be crimped at about 13 half wavelengths/cm, and to have a relatively low crimp amplitude (Figure 1) . A commercially available 3.3 dtex, 55 mm PET staple fiber having similar crimp characteristics was selected for comparison.
Nonwoven preparation
The preparation of the nonwoven fabric and evaluation of its basic properties was carried out on facilities at the Institut Français Textile -Habillement, Lyon, France.
Carding and crosslapping
Carded web was produced on an Asselin roller top carding machine and crosslapper. Material was pulled from the bale and passed once through an opening machine before being fed manually to the feed belt on the carding machine. This had a drum of about 90 cm diameter and was equipped with three sets of worker/stripper rollers. A beater removed the web from the doffer. The gear and pulley drives to the cylinders, the gaps between cylinders and thus the number of layers needed to build up the target weight on the cross-lapper were kept constant. The web formed by the cylinder was about 30 cm wide and about 6-10 g/m 2 . The final web after crosslapping (folding at right angles to the direction of the card) was about 200 g/m 2 . In general, both materials carded satisfactorily. The final webs in PTT were noticeably thinner than the PET ones, this being attributed to the differences in crimp amplitude, the inhomogeneity of the crimp of the PTT fibers and the softness of the PTT fibers.
The edges of the crosslapped web were trimmed with scissors, eliminating the folds and giving a fabric about 50 cm wide.
Needlepunching
Needlepunching was conducted on an Asselin pilot machine. The web was passed, at a rate set by the take-off rollers, under a bed of needles 1 m across and 27 cm wide in the machine direction. The bed had 4000 needles (1.4814 needles/cm 2 ), oscillating at 200 cycles/min. The (Singer) needles of triangular cross section had type, point shape, barb shape and position defined by 15-18-32 gauge taper, 3.5 inch (88.9 mm) length, and "RB30 A06/15:" barb depth 0.15 mm, 4.2 mm between point of needle and first barb, barbs 2.1 mm above one another, distributed evenly around the apexes of the triangular cross section, so that on each edge there was 6.3 mm between barbs.
After pre-needling both sides at 34 strokes/cm 2 , the web was passed several times more through the equipment under conditions recorded in Table 1 until it was judged to have sufficient hand strength. Increasing needle penetration depth represents a compromise between better initial bonding, leaving bigger holes in the fabric and accelerating the onset of lower strength due to fiber breakage.
Web Characterization
The webs were characterised by scanning electron microscopy before and after the first series of needlepunching experiments.
The final fabrics were tested for mass per unit area, tensile strength, bending length and drape according to standard procedures for nonwovens. Compressibility and recovery from compression were measured on the small scale equipment
Figure 1
Partially opened CdP type 725 3.3 dtex PTT staple fiber Stress-strain and tensile recovery measurements were done on dry samples, 250 mm long (200 mm between the grips). Sample width was 50 mm and drawing rate 100 mm/min. Drawing was considered to have started when a force of 0.05N was registered. In recovery experiments, after drawing to the prescribed elongation, the sample was allowed to return immediately at the same speed and was considered to be completely recovered when a force of 0.06N was registered, at which point the corresponding elongation was noted immediately.
The Kawabata compression test measures the force applied to compress a 2 cm 2 area in a 200 mm * 200 mm piece of fabric at 0.002 cm/s, whilst increasing the pressure on the sample from "almost free" (0.01 kPa) to 1 kPa , and then in recovery. Energy to compress and then released during decompression is measured and compared, as are initial and final thicknesses, and the linearity of the compression curve. The fabrics studied here were about 3.0 mm thick, and lost typically 1-1.5 mm thickness during compression, implying that compression took 50-75 seconds.
Tensile resilience is recorded as the absolute value of the elongation after immediate recovery (EIR), and as % Recovery, where % Recovery = 100*(Applied elongation -EIR)/Applied elongation. The tensile recovery measurements were carried out on material from different production runs to that used for the basic property measurement, resulting in some differences in mass per unit area and other properties, including a failure to reproduce the tensile strength of the PET fabric, amidst sometimes significant sample-to-sample variation. Tensile recovery was measured primarily from 10% elongation in both fabric dimensions. The recovery from 80% elongation and tensile properties to break of this second production series were also briefly examined. Breakage tended to occur close to the grips.
Results
SEM photos of the edge trim before needling and of the final product are in Figures 2-5 .
The results of basic property testing of the two fabricsthe average of five measurements -are in 
Discussion
These experiments demonstrate that a needlepunch nonwoven can be made from the cotton blending PTT staple fiber used as starting material. At a similar fabric weight, the product shows the expected softness compared with a PET fabric, as evidenced by bending length, flexural rigidity and, particularly, drape. Perhaps surprisingly, given the expected strengths of the component fibers, the fabrics show similar tensile strengths in the first production series, and higher for PTT in the second, possibly implying that strength is dependant on the efficiency of entanglement as much as individual fiber strength. The lower modulus of the PTT fiber may allow it to entangle easier. A similar effect was noted for hydroentangled fabrics [ 3] .
The fabrics are difficult to distinguish in either the compressive or tensile recovery tests. In the case of the tensile recovery tests, and particularly in the case of the first drawing cycle, it might be envisaged that elongation causes unravelling of the entanglements, so that recovery is less dependant on the elasticity of the fibers. This apparently continues, but to a lesser extent, after the first cycle, since the samples continue to elongate but recovery quickly becomes much higher, and the PET sample if anything begins to show higher elastic recovery than the PTT one. After carding, the needlepunching operations are apparently responsible for a redistribution of the fibres, accompanied by a significant reduction in mass per unit area. Some, though not all, of the initial fiber crimp is lost through carding and needlepunching. The generally horizontal orientation of the fibres may not be optimum for returning after compression. Although differences in carding conditions may also play a role, it is interesting to compare the properties of the present fabrics with those made by hydroentanglement of virtually the same PTT fibers described in references [3] and [5] . Sample width also differs in the tests: the ASTM samples in with the values of around 35 N found for the present PTT fabrics. Break elongation of the needlepunch fabrics appears to be a little higher than the hydroentangled ones. Immediate recovery from 10% strain from the first elongation of fabrics made by the two processes appears to be of the same order of magnitude. Nevertheless, these results warrant further optimisation of the products described here by modifying e.g. carding conditions, fibre crimp and the ratio of carded web weight to final web weight.
Conclusions
It appears that under the conditions of the present experiments that it is possible to make a needlepunch nonwoven fabric of about 90 g/m 2 from commercially produced PTT staple fiber. The fabric shows higher softness than a similar fabric made from classical polyester and similar strength and recovery properties.
Figure 6
Elongational recovery curve of PTT needlepunch fabric (MD) to 10% elongation
Figure 7
Elongational recovery curve of PTT needlepunch fabric (MD) to 80% elongation
